The objective of the present study was to understand the molecular/biochemical nature of chromatin remodeling that occurs in the somatic nuclei transferred into oocytes. We produced the reconstructed mouse embryos by two different protocols of nuclear transfer. The nucleus of a cumulus cell was transferred into enucleated unfertilized oocytes (transferred before activation, TA protocol) or activated oocytes (activated before transfer, AT protocol). More than half (56.1%) of the embryos reconstructed using the TA protocol developed to the morula/blastocyst stage, whereas very few (1.0%) of the embryos reconstructed using the AT protocol reached the morula/blastocyst stage. These embryos were analyzed for the events associated with transcriptional regulation. Changes in transcriptional activity, nuclear accumulation of TATA box binding protein (TBP), and DNase I sensitivity were examined after nuclear transfer. In the embryos reconstructed by TA protocol, all of these events occurred in a manner similar to that in the control diploid parthenogenetic embryos. The transcriptional activity was silenced after nuclear transfer and resumed at the late 1-cell stage. TBP was displaced and subsequently accumulated at the early and the late 1-cell stage, respectively. DNase I sensitivity was increased and then decreased at the early and late 1-cell stage, respectively. In contrast, embryos reconstructed using the AT protocol did not show such changes in transcriptional activity, TBP accumulation, and DNase I sensitivity. These events would be necessary for differentiated nuclei to restore totipotency and are useful indices to evaluate successful chromatin remodeling. developmental biology, early development, embryo
INTRODUCTION
Successful generation of cloned animals by nuclear transfer of somatic cells has been reported in several mammalian species [1] [2] [3] [4] [5] . These reports proved that somatic nuclei could reverse their developmental clock to recover totipotency when introduced into appropriate cytoplasmic environments. In the initial stage of embryogenesis, the em-1 bryos are under the control of maternally derived proteins and transcripts accumulated in the oocyte until activation of the zygotic genome (zygotic gene activation). After that, the development is controlled by the zygotic nucleus. Thus, the transferred nuclei should change their gene expression pattern to that of the early embryo nuclei for further successful development. This change, which may affect the subsequent gene expression pattern, is generally termed reprogramming and is preceded by altering the configuration of chromatin, i.e., chromatin remodeling [6] [7] [8] . In spite of its biological importance, little is known about the molecular nature of the reprogramming event.
The methods used for cloning procedures fall into two groups in terms of the cell cycle stage of the recipient cytoplasm. One method is transplanting the nuclei into metaphase II (MII)-arrested unfertilized oocytes. This approach leads to nuclear envelope breakdown (NEBD) and subsequent premature chromosome condensation (PCC) due to the high level of maturation/M-phase promoting factor (MPF) in the oocyte cytoplasm [9] [10] [11] [12] . The other method is to use activated ova, which have been relieved from MII arrest and have resumed the cell cycle, as the recipient cytoplasm. In this case, NEBD and PCC of the donor nuclei do not occur because the activity of MPF has already declined [9, [13] [14] [15] . Earlier studies demonstrated that MIIarrested nonactivated oocytes are far more effective for supporting development of embryos reconstructed with differentiated nuclei than are activated oocytes [16, 17] . Thus, success in chromatin remodeling, from differentiated nuclei to totipotent ones, is dependent on the cell cycle stage of the recipient's cytoplasm. The ability to allow remodeling of chromatin apparently exists in MII-arrested nonactivated oocytes and disappears after activation.
The purpose of this study was to investigate the molecular/biochemical basis of chromatin remodeling that occurs in the somatic nuclei transferred into oocytes. We reconstructed the embryos by two different nuclear transfer protocols, transfer of nuclei into the oocytes before and after activation, to investigate the difference in the molecular/ biochemical events involved in chromatin remodeling when the nuclei are successfully remodeled and when they are not. This comparison would provide us with an important key to understanding the mechanism of chromatin remodeling. The embryos reconstructed by two different protocols were compared with each other using molecular/biochemical criteria such as transcriptional activity, distribution of basal transcription factor, and DNase I sensitivity of the chromosomes.
MATERIALS AND METHODS

Collection of Oocytes and Preparation of Donor Cells
Female B6D2F 1 (C57BL/6 ϫ DBA/2 hybrid; SLC, Shizuoka, Japan) mice 8-9 wk of age were superovulated with 7.5 IU eCG followed by 7.5 IU hCG 48 h later. Mice were killed by cervical dislocation. Cumulusoocyte complexes were collected from ampullae of oviducts 14-17 h after hCG injection and placed in KSOM [18] containing 0.3 mg/ml bovine testicular hyaluronidase. After complete removal of cumulus cells, oocytes were transferred to fresh KSOM and incubated in a humidified atmosphere of 5% CO 2 /95% air at 37.5ЊC. Removed cumulus cells were dispersed on Hepes-KSOM containing 12% (w/v) polyvinylpyrolidone and kept at room temperature until used as nuclear donors.
Nuclear Transfer and Oocyte Activation Procedure
The oocytes were treated with 5 g/ml cytochalasin B in Hepes-buffered KSOM for 5-10 min at room temperature in the micromanipulation chamber (made from the cover of a plastic dish, Falcon no. 1006; Becton Dickinson, Franklin Lakes, NJ) on the inverted microscope equipped with Hoffman or Nomarski optics. Cytochalasin B (500 g/ml) in dimethylsulfoxide (DMSO) was diluted with Hepes-buffered KSOM immediately before use to final concentration of 5 g/ml cytochalasin B and 1% (v/v) DMSO. The zona pellucida was cored by a Piezo impact-driven micromanipulator (Prime Tech, Ibaraki, Japan), and MII chromosomes were aspirated with an enucleation pipette (approximately 7 m inner diameter) with a minimal volume of oocyte cytoplasm [2] . Enucleated oocytes were transferred into cytochalasin B-free KSOM and left for Ͼ1 h at 37.5ЊC before being used as recipients for nuclear transfer.
Two nuclear transfer protocols were employed. In the first protocol, the nucleus was transferred first and then the oocyte was activated (transfer before activation, TA) [2] . In the second protocol, the nucleus was transferred into an enucleated oocyte after the oocyte was activated (activation before transfer, AT). Somatic nuclei were removed from cumulus cells by gentle aspiration of the Piezo pulse-actuated injection pipette (approximately 5 m inner diameter). In the TA protocol, each nucleus was then injected into an enucleated oocyte with weak Piezo pulse to minimize distortion of the oocyte cell membrane [2, 19] . After 1 h of culture, the reconstructed oocytes were activated by treatment with 10 mM SrCl 2 in Ca 2ϩ -free KSOM containing 5 g/ml cytochalasin B (1% DMSO) for 1 h, followed by a further 5 h of incubation in KSOM containing 5 g/ml cytochalasin B (1% DMSO) [2, [19] [20] [21] . In the AT protocol, the enucleated oocytes were activated by treatment with 10 mM SrCl 2 in Ca 2ϩ -free KSOM for 20 min and then transferred into KSOM. After incubation for 1 h, oocytes were subjected to nuclear transfer. The injection of the nucleus was conducted in the same manner as in the TA protocol. In this procedure, all oocytes were parthenogenetically activated by the treatment with 10 mM SrCl 2 in Ca 2ϩ -free KSOM for 20 min [20, 21] .
Parthenogenesis of Control Embryos
Unfertilized oocytes were activated by treatment with 10 mM SrCl 2 in Ca 2ϩ -free KSOM containing 5 g/ml cytochalasin B (1% DMSO) for 20 min, followed by an additional 5.5-h incubation in KSOM containing 5 g/ml cytochalasin B (1% DMSO) to prevent extrusion of the polar bodies from the oocytes. The diploid parthenogenetic embryos thus obtained were used as the controls for the reconstructed embryos.
In Vitro Transcriptional Activity Assay
The in vitro transcriptional activity assay was conducted as described by Aoki et al. [22] . All treatments were performed at room temperature unless otherwise specified. Embryos were washed in a drop of physiological buffer (PB) that consisted of 100 mM potassium acetate, 30 mM KCl, 1 mM MgCl 2 , 10 mM Na 2 HPO 4 , 1 mM ATP supplemented with 1 mM dithiothreitol, 0.2 mM phenylmethylsulfonyl fluoride, and 50 units/ml of RNase inhibitor (Promega, Madison, WI), and the plasma membrane was permeabilized by treating embryos for 1 min with 0.05% Triton X-100 in PB. Following this treatment, the embryos were briefly washed three times with PB and then transferred to 100 mM potassium acetate, 1 mM MnCl 2 , 50 mM (NH 4 ) 2 SO 4 , 30 mM KCl, 10 mM Na 2 HPO 4 containing 2 mM ATP, 0.4 mM each GTP, CTP, and BrUTP, and 1 mM MgCl 2 . After 15 min of incubation at 33ЊC, the embryos were washed briefly three times with PB, and the nuclear membrane was permeabilized by a 3-min treatment in PB containing 0.2% Triton X-100. The embryos were then washed in PB three times and fixed for 1 h with 3.7% paraformaldehyde in PB. The incorporated BrUTP was detected by indirect immunostaining with anti-BrdU antibodies. The embryos were washed five times in 15-l drops of PBS containing 3 mg/ml BSA (PBS/3BSA) over a period of 15 min and then incubated for 45 min with PBS containing 2 g/ml anti-BrdU monoclonal antibody (Boehringer Mannheim, Indianapolis, IN). The embryos were then washed four times with PBS/3BSA over the course of 15 min and subsequently incubated in PBS containing 0.5 g/ml anti-mouse IgG antibody conjugated with Texas Red (Jackson ImmunoResearch, West Grove, PA) for 45 min. The samples were then washed with PBS/3BSA and mounted on glass slides in VectaShield antibleaching solution (Vector Laboratories, Burlingame, CA).
Immunocytochemistry of TATA Box Binding Protein
The TATA box binding protein (TBP) was detected by an anti-TBP monoclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA), which recognizes the amino terminal domain of TFIID (TBP). Embryos were collected and fixed for over 1 h with 3.7% paraformaldehyde. Fixed embryos were washed three times with PBS containing 1 mg/ml BSA (PBS/ 1BSA) and permeabilized in 0.5% Triton-X/PBS for 10 min. Embryos were then washed briefly followed by incubation with 0.4 g/ml anti-TBP antibody in PBS for 1 h at room temperature. The cells were washed in four drops of PBS/1BSA over 10 min and incubated with 0.5 g/ml antirabbit IgG antibody conjugated with Texas Red in PBS for 45 min at room temperature. The samples were then washed again with PBS/1BSA before mounting on glass slides in VectaShield antibleaching solution.
In Situ DNase I Sensitivity Assay
All treatments were performed at room temperature unless otherwise specified. Embryos were collected and briefly washed in PBS containing 4 mg/ml polyvinylpyrolidone (PBS/PVP) before permeabilization in 0.2 % Triton X-100/PBS for 6 min. Cells were then washed in two drops of PBS/PVP and DNase I buffer (50 mM Tris-HCl, pH 7.8, 5 mM MgCl 2 , 10 mM 2-mercaptoethanol, 10 g/ml BSA) and transferred to DNase I buffer containing 0.3 U/ml DNase I (Gibco BRL, Gaithersburg, MD). After a 15-min incubation at 37ЊC, embryos were incubated in stop solution (PBS containing 15 mM EDTA) for 10 min, washed three times with PBS/PVP, and fixed with 3.7% paraformaldehyde in PBS for 1 h.
A TUNEL reaction was conducted to introduce the fluorescent nucleotides into digested DNA. Fixed embryos were washed five times in PBS/ PVP over a period of 15 min and then preincubated in 5 l of TUNEL labeling mixture (Boehringer Mannheim). Following this treatment, the embryos were transferred to 50 l of TUNEL labeling mixture containing 5 l of TUNEL enzyme (Boehringer Mannheim). After 60 min of incubation at 37ЊC, the embryos were washed four times in PBS/PVP and mounted on glass slides in VectaShield antibleaching solution.
Quantification of Fluorescence Intensity by Laser-Scanning Confocal Microscopy
Fluorescence was detected using a Carl Zeiss 510 laser-scanning confocal microscope (Oberkochen, Germany), and signal was quantified using an NIH-Image (National Institutes of Health, Bethesda, MD) as follows. The average nucleus pixel value/unit area was subtracted from the average cytoplasmic pixel value/unit area and multiplied by nuclear dimensions to yield the relative values to compare BrUTP incorporation, the amount of TBP, and DNase I sensitivity. Dimensions instead of volume were used in this calculation procedure, because the embryos were pressed on glass slides so that the values of the dimensions precisely reflected the difference in volume. In every quantification procedure, the value of the control embryo (diploid parthenote) 12 h postactivation was arbitrarily set as 100%, and the fluorescence intensity observed in each sample was expressed relative to this value.
Statistical Analysis
The data were obtained from two or three independent experiments and analyzed by ANOVA.
RESULTS
Effects of Nuclear Transfer Protocols on Developmental Potential of Reconstructed Embryos
The development to the morula/blastocyst stage was significantly different between the embryos prepared by the two different nuclear transfer protocols (Table 1) . When the donor nuclei were transferred to the enucleated unfertilized oocytes (TA protocol), more than half of the reconstructed embryos developed to the morula/blastocyst stage at Day 4 (96 h after activation). However, when the nuclei were transferred to the enucleated activated oocytes (AT protocol), few (1.0%) of the resulting embryos developed to the morula/blastocyst stage; most of them (98.0%) did not cleave to two cells and fragmented at Day 2 (24 h postactivation) while they entered S phase at 10-11 h postactivation. Because the origin of the donor nuclei and the nuclear transfer method was essentially identical for these two protocols, the observed difference in development was considered due to inequality of the ability of recipient cytoplasm to support development. Because the chromatin structure of the transferred somatic nuclei should be remodeled to change its gene expression pattern for further development, the cytoplasm of MII-arrested unfertilized oocytes would be able to remodel the introduced somatic nuclei but that of the activated oocytes would not. The diploid parthenogenetic embryos, activated by the same chemical method as used with the reconstructed embryos, were employed as the control cells in the following experiments. Almost all of these embryos developed to the morula/blastocyst stage.
Changes in the Transcriptional Activity of Reconstructed Embryos
The mouse zygote starts its intrinsic transcription at the late 1-cell stage after a transcriptionally silent period [22] [23] [24] [25] . Therefore, we examined the changes in transcriptional activity of the transferred somatic nuclei during the 1-cell stage to investigate whether those nuclei start their intrinsic transcription normally (Fig. 1) . The embryos were collected at 5 h and 12 h postactivation. In our culture system, the control diploid parthenogenetic embryos entered into the first mitosis 13 h after activation stimuli.
In the control embryos, transcriptional activity was not detected at 5 h postactivation but became detectable at 12 h. This pattern of changes in transcriptional activity was the same as that previously observed in fertilized embryos [22] .
When the unfertilized oocytes were used as recipient cytoplast (TA protocol), the transcription in the reconstructed embryos was silenced after nuclear transfer, i.e., transcriptional activity was not detected at 5 h postactivation. At the late 1-cell stage (12 h postactivation), however, the fluorescence that reflects the BrUTP incorporation reappeared with nearly the same intensity as that of the control embryos. This finding is consistent with our previous observation that the transcriptional activity in the haploid nuclei of parthenogenetic embryos was almost the same as that in the diploid nuclei of normally fertilized embryos [22] . When the donor nuclei were transferred into enucleated activated oocytes (AT protocol), they remained transcriptionally active at 5 h postactivation, and BrUTP incorporation was not significant different from that of intact donor nuclei that had not been transferred (P Ͼ 0.05, ANOVA). The reconstructed embryos prepared by TA protocol showed a higher percentage of development than did AT embryos. These results suggest that remodeling of chromatin in the fully differentiated nuclei results in silencing and resumption of transcriptional activity after nuclear transfer. The difference in the duration of Sr 2ϩ treatment (1 h and 20 min) probably did not contribute to the difference in the transcriptional activity between these two protocols; the transcriptional activity was not different between the parthenogenetically activated embryos treated with Sr 2ϩ for 20 min and 1 h (data not shown).
Changes in the Accumulation of TBP in the Nucleus of the Reconstructed Embryos
TBP is a basal transcription factor required for general transcription. Several lines of evidence suggest that ex- change of TBP between nucleus and cytoplasm reflects global transition of nuclear function and structure [26] and that the nuclear accumulation of TBP is involved in zygotic gene activation during the 1-cell stage [27] . Therefore, we examined the changes in the amount of nuclear TBP after nuclear transfer to explore the role of TBP in nuclear remodeling.
The nuclear transfer protocol affected temporal changes in the amount of TBP in the transferred somatic nuclei (Fig.  2) . When TA protocol was employed, the transferred nuclei underwent NEBD and PCC. TBP was displaced from condensed chromatin before activation (Fig. 2a) . Although TBP was not yet detected at 2 h postactivation, it appeared again in the nucleus at 5 h postactivation. However, such translocation of TBP was not observed in the embryos reconstructed by AT protocol, where somatic nuclei did not undergo NEBD or PCC. In these embryos, TBP was always detected in the nucleus at 2 and 5 h after nuclear transfer (Fig. 2b) .
Nuclear TBP was quantified in the reconstructed embryos (Fig. 3) . A similar pattern of change in TBP amount was observed for the control embryos and the reconstructed embryos prepared using the TA protocol. TBP was not detected at 2 h postactivation, was detected at 5 h, and then significantly increased at 12 h, at which time the amount was not significantly different between the control and the reconstructed embryos (P Ͼ 0.05, ANOVA). In the embryos prepared using the AT protocol, the nuclear TBP was almost the same as that in the intact donor nuclei at 2 h postactivation. It did not change until 5 h and then slightly increased at 12 h. However, the amount was significantly less than that of the control embryos (P Ͻ 0.001, ANOVA). The difference in the duration of Sr 2ϩ treatment (1 h and 20 min) probably did not contribute to the difference in the accumulation of nuclear TBP between these two protocols; the amount of nuclear TBP was not different between the parthenogenetically activated embryos treated with Sr 2ϩ for 20 min and 1 h (data not shown).
DNase I Sensitivity of Reconstructed Embryos
To directly investigate the changes in the chromatin structure in the transferred nuclei, an in situ DNase I sensitivity assay was conducted (Fig. 4) . Cho et al. [28] showed that DNase I sensitivity was decreased from the early to the late 1-cell stage but that the magnitude of FIG. 3 . Quantification of relative amounts of TBP in the transferred nuclei. At the indicated times after activation, the embryos were collected and stained with anti-TBP antibody and secondary fluorescent antibody. Nuclear fluorescence of control embryos (diploid parthenote) at 12 h postactivation was set as 100%. The data were collected from at least two independent experiments and calculated to obtain the mean and SEM. Closed, open, and dotted columns represent TA reconstructed embryos, AT reconstructed embryos, and control embryos, respectively. Fluorescence of the donor nucleus was quantified by embedding a cumulus cell into an enucleated oocyte and is represented as a shaded column. At 2 h postactivation, the fluorescence was not detected in TA embryos (a) or in controls (b). Nine to 15 cells were examined in each experimental group.
FIG. 4. Detection of DNase I digested
DNA by TUNEL reaction. Nuclear donor and reconstructed embryos were examined at each collection time.
the decrease was smaller in the female nuclei than in the male nuclei. The control diploid parthenogenetic embryos showed changes in DNase I sensitivity similar to those in the fertilized embryos during the 1-cell stage (Fig. 5) . Sensitivity was slightly but significantly decreased from 5 to 12 h postactivation (P Ͻ 0.05, ANOVA). In the reconstructed embryos derived using the TA protocol, DNase I sensitivity was increased after nuclear transfer. At 5 h postactivation, the sensitivity in the transferred nuclei was about 2-fold that of the donor somatic nuclei. After that, DNase I sensitivity was significantly decreased at 12 h (P Ͻ 0.001, ANOVA). However, in the embryos reconstructed using the AT protocol, DNase I sensitivity did not change significantly during the 1-cell stage (P Ͼ 0.05, ANOVA).
DISCUSSION
In the present study, we investigated some molecular/ biochemical characteristics of chromatin remodeling that occur in the fully differentiated somatic nuclei after transfer into enucleated oocytes. More than half of the embryos reconstructed using the TA protocol developed to the morula/blastocyst stage, whereas very few of the embryos reconstructed using the AT protocol reached that stage. In the embryos reconstructed by TA, all of the changes in transcriptional activity, nuclear TBP accumulation, and DNase I sensitivity were similar to those observed in the control diploid parthenogenetic embryos after activation, but the changes in the embryos reconstructed using the AT protocol were different. These results suggest that such changes in transcriptional activity, TBP accumulation, and DNase I sensitivity are necessary for differentiated nuclei to restore totipotency.
Silencing of transcription in the early 1-cell stage seems to be a phenomenon correlated with remodeling of the differentiated nucleus into a totipotent nucleus. The two highly differentiated cells, sperm and oocyte, should delete their program of gene expression pattern after fertilization to make totipotent zygotes. The mouse zygotic genome starts its intrinsic transcription at the late 1-cell stage after a transcriptionally silent period [22] [23] [24] [25] . Our results showed that after transfer of somatic nuclei, the transcriptional activity FIG. 5 . DNase I sensitivity of the transferred nuclei. At the indicated times after activation, the embryos were assayed for DNase I sensitivity. The data are expressed as the amount of fluorescent signal per cellular DNA content, i.e., the embryo has twice as much DNA in the late phase of the cell cycle (G2) as it does in the early phase (G1). The value for control embryos (diploid parthenote) at 12 h postactivation was set as 100%. The data were collected from three independent experiments and calculated to obtain the mean and SEM. Closed, open, and dotted columns represent TA reconstructed embryos, AT reconstructed embryos, and control embryos, respectively. Fluorescence of the donor nucleus was quantified by embedding a cumulus cell into an enucleated oocyte and is represented as a shaded column. Thirteen to 24 cells were examined in each experimental group.
was inactivated at the early 1-cell stage and then resumed at the late stage in the TA embryos. In addition, the basal transcription factor TBP was also displaced from the nucleus after transfer in the TA embryos. However, in the AT embryos, which showed significantly retarded development, the nucleus maintained its transcriptional activity after being transferred into the oocyte and TBP was not displaced from the nucleus after nuclear transfer. These results experimentally showed that a transcriptionally inert state is involved in successful chromatin remodeling. The transient displacement of TBP may, at least in part, contribute to this transcriptional inactivation.
Changes in DNase I sensitivity were different in TA and AT embryos, suggesting that DNase I is involved in chromatin remodeling. The accessibility of transcription factors to endogenous DNA is correlated with the sensitivity of genomic DNA to DNase attack. Hence, changes in DNase I sensitivity of the nucleus could be used to monitor the changes in chromatin structure. In TA and control embryos, DNase I sensitivity of the nucleus was significantly decreased from the early to the late 1-cell stage. This result was consistent with a previous finding that a transcriptionally repressive chromatin structure was established following S-phase in the 1-cell mouse embryos [29] . Furthermore, DNase I sensitivity increased about 2-fold at the early 1-cell stage of TA embryos when compared with intact donor nuclei, although there were no significant changes in AT embryos. Because successful development to morulae/blastocysts was observed in the TA embryos but not in AT embryos, changes in chromatin structure to the DNase I accessible state would be required for successful chromatin remodeling.
In several studies on successful production of cloned animals, exposure to the cytoplasm of nonactivated oocytes was crucial for the remodeling of the differentiated somatic nuclei [3, 16, 17, 30] . In the TA protocol, transferred somatic nuclei underwent NEBD and subsequent PCC due to active MPF in the cytoplasm of unfertilized oocytes. When activated oocytes with declined MPF activity were used as recipients (AT protocol), the membranes and chromosomes of somatic nuclei remained intact and decondensed, respectively, after transfer. Because both protocols were implemented using by the same microinjection method and with an identical source of donor nuclei, observed differences in developmental potential and behavior of transferred nuclei with these two protocols were attributable to inequality of the recipient cytoplasm's ability to induce chromatin remodeling. Similar results have been reported elsewhere; when somatic nuclei were introduced into activated mouse oocytes by cell fusion, the nucleus did not develop a pronucleus-like configuration. In these nuclei, transcriptional activity also remained active [14, 15] . These results suggest that the cytoplasm of activated mouse oocytes was inefficient for nuclear remodeling due to a failure of NEBD. However, the reason NEBD is crucial for nuclear remodeling has not been elucidated. Our results showed that successful chromatin remodeling was accompanied by displacement and redistribution of nuclear TBP. In a study on chromatin remodeling of Xenopus somatic nuclei, the displacement of basal transcription factor TBP from somatic nuclei with permeabilized nuclear membrane occurred in S-phase extract of Xenopus egg, where chromosomes remained decondensed [26] . These results suggested that direct interaction of the chromosome with the cytoplasmic environment, but not condensation of the chromosome, is necessary for the chromosome to be remodeled. NEBD may play an important role in reprogramming of differentiated nuclei by allowing direct interactions of chromosomes with cytoplasmic factor(s) in nonactivated oocytes.
Results of these experiments indicate that the successful remodeling of somatic nuclei is brought about by a process similar to that of normally fertilized embryos. Silencing of transcription, accumulation of TBP, and loosening chromatin structure are important events in the process of physiological chromatin remodeling. The failure of the activated oocytes to remodel somatic nuclei is due to the inability of these oocytes to succesfully accomplishing these events. Thus, exploring the mechanism for remodeling transferred somatic nuclei is helpful for understanding the nature of chromatin remodeling that occurs during gametogenesis and early embryogenesis. Furthermore, knowledge of the mechanism underlying chromatin remodeling would facilitate the efficient production of cloned animals. Until now, morphological changes and frequency of development have been used to monitor the remodeling of chromatin. The molecular/biochemical events presented in this study, i.e., silencing of transcription, accumulation of TBP, and increase in DNase I sensitivity, could be used as alternative criteria to efficiently evaluate the extent of chromatin remodeling.
